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Abstract
Only one prior experiment has examined the effect of 
revelation on situational frequency judgments (Exp. 3, 
Greene, 1996). In the current study, three experiments 
examined the effect of revelation on frequency estimation. 
Experiment 1A and IB replicated and extended the study done 
by Greene (1996) by increasing the frequencies of study 
items from one to eight in both a random (1A) and blocked 
(IB) design. Experiment 2 examined the relation between 
the frequency of study items and the degree of distortion 
of the items revealed at test. A significant effect of 
revelation was found across frequencies for the three 
revealed conditions compared to an intact condition. 
Experiment 3 examined the effect of familiarity within a 
frequency estimation task. A significant revelation effect 
was found across frequencies despite the fact that the word 
that was revealed was different from the word that was 
being judged for frequency. This series of experiments 
showed a robust effect of revelation on frequency 
estimation. The finding that frequency estimation is 
affected by manipulations that occur only at retrieval 
poses a problem for a strict automatic explanation for 
frequency encoding. Theories of frequency estimation 
involving retrieval are discussed.
vi
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Introduction
A fundamental issue in cognitive psychology is how 
people evaluate information. A more specific version of 
this basic question focuses on how people estimate the 
number of times that they have been exposed to certain 
information. The process of judging the number of times 
information has occurred, either relative to other 
information or as an absolute, is known as frequency 
estimation. The estimation of frequencies can be examined 
in two domains. The first is called background frequency. 
Background frequency is the frequency of an event that has 
occurred within the time span of an individual's life.
The number of times an individual has eaten chocolate ice 
cream in his or her lifetime is an example of background 
frequency. The other type of frequency is situational 
frequency. Situational frequency is the number of times 
that an event has occurred in a particular situation.
Being asked how many times the word learning- appeared in an 
introductory psychology textbook is an example of 
situational frequency. Psychologists most often study 
situational frequency, presumably because of the ease with 
which the absolute frequencies can be manipulated in a 
laboratory setting.
While most research on frequency estimation has 
focused on situational frequency, some studies have 
examined background frequency. Attneave (1953) conducted 
one of the earliest studies of background frequency. In
1
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this study, Attneave compared the probabilities of true 
environmental occurrences of letters and the participants' 
estimated probabilities of these letters. The letters used 
were chosen for their stable frequency relative to other 
letters and for their stability of occurrence across an 
individual's lifespan. True environmental frequency was 
determined from samples of English text by direct count. 
Participants' frequency judgments were based on two 
measures. The first was an estimation of the number of 
occurrences of each letter of the alphabet from the 
participants' imaginations of a portion of a newspaper that 
contained 1000 letters. The second measure was a pseudo- 
ESP experiment in which an estimation of letters was made 
from a deck of 100 cards which the participant could not 
see. Overall, average performance on these two tasks 
revealed a correlation coefficient between true 
environmental frequency and judged psychological frequency 
of .88. In other words, performance was extremely 
accurate.
Other early research on background frequency was done 
by Howe (1954). Howe performed a series of experiments 
examining the relationship between actual environmental 
word frequencies and estimated word frequencies. The 
actual frequencies were based on words from magazine 
articles of the 1930's . The estimated frequencies were 
based on the rank of words relative to other words in a 
given list by students. The overall correlation between
2
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these two frequencies was .87. Again, these results 
indicate a high level of accuracy in estimating 
frequencies.
These two studies illustrate two different types of 
frequency estimation tasks. Attneave (1953) had 
participants make judgments on the absolute frequencies of 
items (i.e., a number estimate for each letter in the 
alphabet). Howe (1954), on the other hand, measured the 
performance of relative frequency judgments across items 
(i.e., the ordering of words from most frequent to least 
frequent) . In both the absolute and relative judgments, 
performance was very good. While both of the previously 
mentioned studies produced remarkable results, there are 
problems with conducting other background frequency 
estimation research. First, beyond such established 
frequencies as those of letters and words, determining true 
frequencies for other events is difficult, if not 
impossible. Background frequency estimations are judgments 
based on life experience. While the assumption can be made 
that a certain group of people was generally exposed to the 
same events involving letters and words in a given 
generation, this assumption does not hold for other events. 
Second, and related to this first problem, is that any 
experimental manipulation done prior to asking a 
participant for an estimation is likely to be confounded 
with the past experience of that participant.
3
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Correlational data may not be used to infer a causal effect 
of an experimental variable in a background frequency task.
As a consequence of the difficulty of studying 
background frequency, most research involving the 
estimations of frequency uses the situational frequency of 
events. The ability to manipulate the absolute frequency 
of an event in a situation provides the control needed to 
establish parameters and hypotheses surrounding frequency 
estimation. An exhaustive literature of research on 
situational frequency estimation has produced two opposing 
groups of theories. The first theory focuses on encoding 
as the time when estimations are established. The second 
group of theories focuses on retrieval as the time in which 
estimations occur.
Review of Frequency Estimation Literature
One of the main disagreements within frequency 
estimation research is whether information concerning 
frequency is established at encoding or estimated at 
retrieval. This review will be divided into several 
sections according to this debate. The first section will 
be devoted to the research that supports the view that 
frequency estimation is an encoding phenomenon. The main 
proponents of this view are Hasher and Zacks (1979; 1984). 
They argue not only that frequency information occurs at 
encoding, but that this encoding occurs automatically.
Under this assumption, manipulations involving attention, 
practice effects, encoding strategies, or intentionality
4
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should have no effect. However, the research that has 
examined the issue of automaticity has not produced a clear 
answer.
The second main division of this review will focus on 
the retrieval explanation of frequency estimation.
According to this view, the frequency judgment is based on 
an estimation that is established at the time of retrieval. 
However, the origins of this estimation are a participant 
of debate. Some theories argue that this judgment is based 
on the counting of each exemplar of a class of events, with 
each exemplar encoded separately (Greene, 1989b; Hintzman, 
1988; Hintzman & Block, 1971; Tversky & Kahneman, 1973; 
Tversky & Kahneman, 1974) . Other explanations involve the 
retrieval of one event based on its strength (i.e., the 
more exposure to an item, the stronger the ability to 
retrieve) (Underwood, 1969; Underwood, Zimmerman, & Freund, 
1971) . If frequency judgments are based on specific recall 
of instances then variables affecting these judgments 
should be similar to those in cued recall. This research 
has also produced contrary results (Bruce, Hockley, &
Craik, 1991; Watkins & LeCompte, 1991; Williams & Durso, 
1986).
Encoding and Frequency Estimation
Hasher and Zacks (1979; 1984) are the main proponents 
of an encoding explanation for frequency estimation. Their 
view is that frequency estimation belongs to a class of 
cognitive operations that is fundamental to the acquisition
5
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of information. Information concerning frequency is so 
fundamental, in fact, that the encoding of such information 
is automatic. Hasher and Zacks (1979) define any operation 
that drains minimal energy from humans' limited-capacity 
attentional mechanism as automatic. These operations 
include information concerning spatial location, time, and 
word meaning, as well as information concerning the 
frequency of occurrence of events.
Several assumptions are included in Hasher and Zacks' 
(1979, 1984) definition of automaticity. The first 
assumption is that people differ in systematic and 
predictable ways in their available attentional capacity. 
However, these individual differences such as age, ability, 
and motivation should not affect memory for frequency, an 
automatic process. The second assumption is that mental 
processes vary in the amount of capacity they require.
More specifically, automatic processes, such as frequency 
estimation, require less mental capacity, and effortful 
processes require more mental capacity. The third 
assumption is that automatic processes function at optimal 
levels, continuously and independently of intention and 
that these processes require only that attention be 
directed at an event. This third assumption means that it 
is not necessary- to focus on frequency information.
Rather, an individual must merely be aware of the event 
itself. Following these assumptions are some very clear 
predictions concerning the estimation of frequencies. Each
6
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of these predictions will be examined in light of the 
empirical findings.
Attentional Capacity
One prediction that follows from the idea that 
frequency information is encoded automatically is that the 
attentional capacity of individuals will have no effect on 
the performance of an estimation task. Equivocal results 
have been produced by studies that examined developmental 
differences (Hasher and Chromiak, 1977; Hasher and Zacks, 
1979), and clinical populations (Strauss, Weingartner, and 
Thompson, 1985) , as well as the manipulation of attentional 
demands (Hanson and Hirst, 1988; Maki and Ostby, 1987).
Hasher and Zacks (1979) found support for the idea 
that attentional capacity does not play a role in frequency 
estimation. They examined the ability of children in 
kindergarten, first, second, and third grade, to 
discriminate frequencies of events. These children viewed, 
for 3 sec each, a set of 40 critical slides. Each slide 
contained a color picture that varied in frequency from one 
to four. After this viewing, the children were asked to 
give a verbal frequency judgment for each slide, and they 
were told to guess when uncertain. No developmental 
differences were found for frequency estimates. Hasher and 
Zacks (1979) concluded that despite a wide body of research 
showing large differences between kindergarten and third 
graders in effortful processes such as memory skills that 
require rehearsal and organization, memory for frequency
7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
estimation, did not change. In another similar study,
Hasher and Chromiak (1977) compared the ability of second 
graders and college students to judge frequencies and found 
no differences.
Despite these failures to find differences in 
frequency estimation as a function of attentional capacity, 
there have been several studies that have shown such 
differences. Hasher and Zacks (1979) themselves, in a 
second experiment, found significant differences in 
frequency judgments between young people, age 18 to 24 
years, and elderly people, age 56 to 80 years. Estimates 
of frequency were better for the young than for the 
elderly, with correlation coefficients of .80 and .74 
respectively, which seems contrary to the automaticity 
hypothesis. Hasher and Zacks explain this apparent 
discrepancy with their theory by noting the similarity 
between the two groups in the overall pattern of results 
(i.e., the increase in estimation as the actual frequency 
increases) despite the smaller range of scores in the 
elderly group.
Kausler, Lichty, and Hakami (1984) conducted a study 
that examined the effects of developmental differences on 
frequency judgment. Their first experiment involved two 
different age groups, young adults (mean age = 20.46) and 
elderly adults (mean age =71.89), as well as three 
instructional conditions, incidental, semi-intentional 
(i.e., participants were warned of an unspecified memory
8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
test to follow), and intentional (i.e., participants were 
warned of a frequency task to follow) . Words, varying in 
frequency from zero to five, were presented as distractors 
between the presentation of four-digit numbers. Following 
this, a frequency judgment task was administered. The 
results from the frequency task indicated a main effect of 
age, with the advantage going to the young adults, as well 
as a main effect of instructional condition. A possible 
ceiling effect was present for the test conditions that 
included words that had zero frequency during the original 
presentation. Experiment 2, a replication of Experiment 1, 
attempted to eliminate this problem by excluding test pairs 
that included zero frequency items, as well as including 
two frequency judgments rather than one as in Experiment 1. 
This second experiment included two age groups, young 
adults and elderly adults, and two instructional 
conditions, incidental and intentional. Zero frequency 
words were excluded from the test phase. Also, 
participants were given a second frequency test that 
immediately followed the first. Again, results indicated a 
significant main effect of age. However, no significant 
differences were found for the instructional conditions. 
Kausler, Lichty, and Hakami (1984) concluded that these 
results support an automaticity explanation, due to the 
independence of the frequency estimations relative to 
instructional conditions. However, the automaticity
9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
explanation also predicts no age deficits for frequency 
judgments.
Strauss, Weingartner, and Thompson (1985) offer 
another example of attentional capacity playing a role in 
frequency judgments. They examined the effect of word 
frequency on the frequency judgments of normal 
participants, as well as Korsakoff's, Huntington's, and 
Alzheimer's patients. Normal participants' performance 
exhibited a significant linear relationship between actual 
and estimated frequency. The curves for the Korsakoff's 
and Huntington's patients were much flatter and the slopes 
differed from zero only to a marginally significant extent. 
There was no significant relationship between judged and 
actual frequency for the Alzheimer's patients. These data 
suggest that differences in attentional capacity can affect 
frequency estimation, at least when comparing clinical 
populations to normal participants, another finding 
contrary to the automaticity hypothesis.
Ellis, Palmer, and Reeves (1988) found equivocal 
results regarding attention in developmental groups. In a 
standard frequency judgment task, three developmental 
groups, children (mean age = 7.6), college students (mean 
age = 20.9), and the elderly (mean age = 74.3), were 
compared, as well as two groups of developmentally disabled 
individuals (mean ages = 15.8 and 20.7). The 
developmentally disabled groups (brain-injured or cultural- 
familial) were included to examine intellectual differences
10
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independent of age. Participants were presented with a 
list of words that varied in frequencies from 1 to 4. The 
results indicated correlation coefficients of .75, .84,
.70, .65, and .67 for the children, college students,
elderly, the brain-injured developmentally disabled 
persons, and the cultural-familial developmentally disabled 
persons, respectively. There was a significant overall 
effect of condition. More specifically, the college 
students were more accurate than all of the others, the 
children were more accurate than the developmentally 
disabled groups, and the elderly did not differ from the 
children or the developmentally disabled groups. These 
results do indicate developmental differences; however, 
Ellis et al. pointed out that reading skill may have been a 
possible confound. An automaticity explanation would not 
predict any differences regardless of reading skill. 
Assuming this automaticity explanation, frequency 
estimation would be similar across groups; however, this 
was not the outcome of this experiment. Also, these 
results did not replicate in a second experiment using 
pictorial stimuli.
While it may be argued that the issue of attentional 
capacity in different age groups and different clinical 
populations may include confounding variables, several 
studies have looked at attention and frequency estimation 
in normal participants. For example, Maki and Ostby (1987; 
Experiment 4) presented participants with a list of 90
11
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words that consisted of 24 words presented at frequencies 
of 1, 2, 4, or 8. Words were presented simultaneously with 
either a plus sign only, a simple arithmetic problem (e.g., 
4 + 3), or a difficult arithmetic problem (e.g., 6 + 37). 
All participants were told that memory- for the words would 
be tested at the end of the experiment. If attention 
played no part in the estimation of frequencies then no 
effect of the arithmetic problems should be found. The 
results indicated a significant effect of attentional 
demand. Estimated frequency was most strongly related to 
the presented frequency in the no arithmetic condition, 
next in the simple arithmetic condition, and least in the 
difficult arithmetic condition. Hanson and Hirst (1988), 
using a different paradigm, also found that attention 
appears to affect frequency judgments.
Thus, attention does play a role in the estimation of 
frequency judgments. Despite the failure to find an effect 
of attentional capacity in some developmental studies, 
evidence in normal participants and some clinical 
populations does support a positive effect of attention in 
the estimation of frequencies. The automaticity 
explanation of Hasher and Zacks (1979; 1984) is weakened by 
these findings.
Practice Effects
Another prediction that is made from the automaticity 
explanation is that practice should have no effect on 
participants' performance in a frequency estimation task.
12
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Indeed, a null effect of practice on frequency judgment has 
been observed in several studies (Greene, 1989c; Hasher & 
Chromiak, 1977; Zacks, Hasher, and Sanft, 1982). Zacks et 
al. (1982) conducted one such study that showed no practice 
effects in four groups that were given four successive 
lists. The lists were given in the following order: FFFF, 
RRRR, FFFR, or RRRF, where F represents a frequency 
estimation task and R represents a free recall task. No 
significant difference was found among the lists that 
involved the frequency estimation task. In other words, no 
effect of practice was observed. However, a positive 
effect of practice was found in the lists being tested by 
free recall. This dissociation of free recall and 
frequency judgment offers support for the claim that 
information for frequency is automatically encoded.
Greene (1989c) offered more support for a lack of 
practice effects. Greene found negative practice effects 
in a task that required the judgment of the relative 
frequencies of words. In this experiment, participants 
were exposed to six lists consisting of 72 words that 
varied in frequency from 1 to 4 for a total of 180 words in 
each of the six lists. Following each list, participants 
were tested on frequency by being given a pair of words and 
indicating which word had occurred more frequently. The 
outcome of this experiment was that as practice increased, 
performance decreased. These results offer some support 
for the automatic encoding of frequency information, though
13
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Greene acknowledges that the negative practice effect is 
somewhat atypical with respect to other findings.
While the evidence for no positive effect of practice 
seems strong, there is one study that has found practice 
effects in a frequency judgment paradigm. Hockley (1984) 
demonstrated a positive effect of practice involving 13 
lists of words in a memory task in which frequency 
judgments were given after each word was presented. In 
other words, judgments were made continually during the 
presentation of the word lists. The discrepancy between 
this experiment and the previously mentioned experiments 
involving practice may be due to the difference in the 
number of trials of words used. Hockley used lists of 330 
words, while other studies used far fewer. Sufficient 
practice may be a parameter that needs further exploration.
Another possible explanation is the difference in 
testing procedures. Greene (1989c), Hasher and Chromiak 
(1977), and Zacks et al. (1982) all used tests after the 
presentation of the entire list of words. Hockley (1984) 
used a continual estimation paradigm. The participants in 
this continual paradigm may have used a different strategy 
of counting each occurrence of a word beginning with one 
and adding to it each time that word was presented after 
the first.
Intentionalitv
One of the criteria for automatic encoding made by 
Hasher and Zacks (1979; 1984) is that intentionality should
14
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not affect the encoding of frequency information.
Intention and attention need to be distinguished.
Attention refers to the presentation of a stimulus to a 
participant, without regard to what is to be done with that 
stimulus (e.g., instructions such as "read a list of words 
aloud") . Intention refers to the willful act of performing 
some action to a stimulus (e.g., instructions such as "read 
a list of words for a later memory test") . Intentionality 
has been examined in several studies, but the results are 
mixed.
Howell (1973) performed one of the first studies to 
examine intentionality. In this study, two sets of 
participants were shown lists of words consisting of 
different lengths and different word frequencies. One 
group was instructed to remember the words for a later 
recall test. The other group was told to expect a test of 
frequency of occurrence for each word. Howell found that 
instructions to remember the words or the frequencies of 
the words, as well as list length had no effect on the 
ability of participants to estimate frequencies.
Flexer and Bower (1975) conducted another early study 
that examined the effects of intentionality to learn 
frequencies of stimuli. Two groups of participants were 
shown the same list of 117 nonsense syllables (consonant- 
vowel-consonant) which varied in frequency. The only 
difference between the two groups was the instructions that 
were given prior to the presentation of the list. One
15
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group was instructed to prepare for a frequency judgment 
task. The other group was told to attend carefully to each 
item in preparation for a memory task which would be 
explained later. After the presentation of the list, both 
groups, frequency-ins true ted and memory-instructed, were 
given a test form that contained a list of nonsense 
syllables and were asked to assign a frequency to each 
accordingly. Results indicated no significant difference 
between the two groups.
An even stronger case for no effect of intentionality 
could be made if conditions were such that no mention of 
any memory test was given. Hasher, Zacks, Rose, and Sanft 
(1987) conducted a series of three experiments, in which 
truly incidental encoding of frequency information was 
attempted under three different cover stories: anagram 
solving, sentence completion, and a picture-naming task.
In Experiment 1, for example, participants were given 
anagrams and told to solve them. The anagrams consisted of 
words that varied in frequency from one to three. After 
this task, participants were unexpectedly given a frequency 
judgment task on the words formed from the anagrams. The 
mean judged frequency significantly increased as a function 
of increased actual frequency.
Despite these previous studies indicating no effect of 
intentionality on frequency judgments, several studies have 
offered convincing evidence to the contrary. Fisk and 
Schneider (1984) offer a study that examined
16
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intentionality. Experiment 1 manipulated several control 
processes during the encoding portion of the task. 
Participants were instructed in one of several ways: an 
intentional condition (i.e., participants were instructed 
as to the subsequent frequency task and to respond when a 
word represented the name of a vehicle and to ignore the 
digits), an orthographic judgment condition (i.e., respond 
to any word containing the letter G and ignore the digits) , 
a semantic judgment condition (i.e., respond to any word 
that represented the name of a vehicle and ignore the 
digits), dual task condition (i.e., participants were 
required to search for one of two digits displayed and told 
to look at words shown in the periphery of the visual 
field), and an ignore condition (i.e., participants were 
required to search for one of two digits and told to ignore 
the words in the periphery as the words were there just to 
distract participants) . Following the presentation of the 
lists of digits and words, they were given a frequency 
estimation task for the words. If frequency estimation is 
automatic and unaffected by intentionality, all groups 
should produce similar accuracy on the judgment task. 
However, if intentionality is important, then differences 
should be observed between groups. Correlations between 
estimated and actual frequency were .64, .63, .29, .14, and
.01 for the intentional learning, the semantic judgment, 
the orthographic judgment, the dual task condition, and the 
ignore condition, respectively. No statistically
17
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significant difference was found between the intentional 
learning condition and the semantic judgment condition. 
However, these two groups did differ significantly from the 
other groups. Also, the dual task condition and the ignore 
conditions did not differ from chance levels. These 
results indicate an effect of intentionality for the 
accurate estimation of frequencies. Interestingly, these 
results also indicate a strong effect of semantic encoding 
on the judgment of frequencies. This issue as well as 
other encoding strategies will be examined in the next 
section.
Greene (1984) conducted two experiments that showed an 
effect of intentionality on frequency judgments. In 
Experiment 1, two conditions were compared. An incidental 
learning group was told to read aloud a list of distracter 
words in between trials of a digit learning task. They 
were told that the words need not be remembered. In the 
intentional learning group, a warning was given that a 
memory test for the words would follow the presentation of 
digits and words. However, no mention of frequency 
judgment was made. Frequency of the words varied from 1 to 
2. After the digits and words presentation, a frequency 
judgment task was administered. Performance accuracy for 
the incidental group differed significantly from the 
performance of the intentional group. Correlations between 
estimated and actual frequency were .41 for the incidental 
condition and .71 for the intentional condition.
18
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Experiment 2 expanded on the results of Experiment 1 
by including another condition that explicitly told 
participants of the frequency judgment task. Word 
frequencies were either 1, 2, or 4. Results indicated that 
the incidental group performed significantly worse than 
either of the intentional groups. However, no significant 
difference was found between the unspecified memory test 
group and the frequency test group. The results of these 
two experiments indicate a reliable effect of intention on 
the accuracy of estimating frequencies. Intentional 
learning led to more accurate estimations of frequency even 
when the intention was not specifically directed toward 
frequency information (see also Ellis & Palmer, 1988).
Intentionality does play a role in the encoding of 
frequency information. Hasher and Zacks' (1979,-1984)
automaticity explanation cannot account for these effects. 
Intentionality does not necessarily mean intention to 
encode frequency information. Here, intention to remember 
a stimulus for an unspecified memory task improves the 
accuracy with which participants can estimate frequencies. 
Automatic encoding of frequency information assumes no 
effect of intentionality; hence, there should be no 
improvement under any instructional condition.
Encoding Strategies
If a process is automatic, different methods of 
encoding should have no effect on the retrieval phase of 
memory. Following from this, memory for frequency
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information should not be affected by different encoding 
strategies.
Alba, Chromiak, Hasher, and At tig (1980) performed the 
one study that does not show any advantage of different 
encoding strategies. In two experiments, Alba et al. 
showed that not only were participants sensitive to 
frequency information under incidental conditions, but 
informing participants as to the nature of the frequency 
task and blocking presentation of a single semantic 
category had no significant effect on frequency judgments. 
Experiment 1 revealed no significant effect of test rate 
(i.e., response time was limited to 2, 4, 5, or 10 sec to 
determine frequency) or the number of exemplars (i.e., 0,
3, 6, or 9) under incidental conditions for frequency 
judgments. Experiment 2 showed no significant effect of 
instructions (i.e., incidental or intentional), number of 
exemplars (i.e., 0, 3, 6, or 9) or presentation (i.e., 
blocked or random) on frequency judgments. Neither 
employing instructions nor blocking categories seemed to 
affect the ability to estimate frequencies of items.
Although Alba et al. failed to show any significant 
effect of encoding strategies, this failure does not appear 
to be a robust finding. Rowe (1974) examined the effects 
of varying orthographic presentation (i.e., changing the 
font of the presented words) and varying semantic 
information given prior to the experiment (i.e., 
participants were asked either to rate each word on its
20
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connotative strength or to write down the number of 
consonants and syllables in each word) . Experiment 1 
failed to find any significant effect of varying the 
orthography of the presented words on frequency estimation, 
but Experiment 2 showed a significant effect for the 
semantic condition over the non-semantic condition.
Semantic awareness produced more accurate frequency 
judgments, while orthographic awareness did not seem to 
affect frequency judgments. However, these two types of 
orienting tasks were not directly compared in the same 
experiment. Other studies have replicated this effect of 
semantic encoding on frequency judgment (Erickson &
Gaffney, 1985; Jonides & Naveh-Benjamin, 1987; Penny Sc 
Balsom, 1993).
Rowe and Rose (1977) conducted another study that 
supports an effect of encoding strategies on frequency 
judgments. This experiment examined the variables of 
orienting task and spacing in a frequency judgment task.
The orienting task was either to rate the imagery of a word 
or to make a continual frequency judgment. The spacing 
between repeated words was by 0, 2, 16, or 32 words. The 
results indicated that post-list frequency judgments for 
words that received imagery ratings were less accurate than 
the continual frequency judgments of words. For both types 
of judgments, the increased spacing of the words used for 
frequency judgments significantly increased accuracy of the 
frequency estimate. The finding that continual judgments
21
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
produced more accurate responses than the imagery condition 
indicates the effectiveness of different strategies as well 
as discounting an automaticity explanation.
Naveh-Benjamin and Jonides (1985) offer more evidence 
for an effect of encoding strategy on frequency judgment. 
Two conditions involving different strategies were 
examined. Participants in both conditions were presented 
with digit triads between the word pair presentations and 
instructed to remember the digits for a recall test. The 
first condition involved the presentation of pairs of words 
along with instructions to create a mental image of these 
words, as well as instructions to remember these words for 
a later unspecified memory test. The second condition 
involved the presentation of pairs of words with the 
instructions to repeat aloud each word as a distracter task 
(i.e., maintenance rehearsal). A frequency judgment task 
showed significantly more accurate judgments for the 
intentional, imagery condition than the incidental, 
maintenance rehearsal condition. In fact, the slope of the 
incidental, maintenance rehearsal condition did not differ 
significantly from zero (see also Naveh-Benjamin and 
Jonides, 1986).
Discussion of Encoding and Frequency Estimation
The automaticity hypothesis of Hasher and Zacks 
(1979;1984) operates under several assumptions. First, 
people differ in attentional capacity. Also, different 
mental processes require different amounts of capacity.
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Effortful processes require more mental capacity than 
automatic processes, such as frequency estimation. In 
fact, automatic processes should operate at maximum levels 
independent of any other mental activity that may require 
capacity. Such factors as attentional capacity, practice 
effects, intentionality, and encoding strategies should not 
interfere with an automatic process such as the judgment of 
frequency. These assumptions of the automaticity 
hypothesis cannot be justified in light of the extant 
empirical findings. The research conducted to evaluate 
these assumptions has shown that frequency judgments are 
affected by several different factors at encoding. The 
automaticity explanation cannot account for these results.
Retrieval and Frequency Estimation 
Several alternative explanations to the automaticity 
hypothesis have been offered to explain the process of 
frequency estimation. These explanations center around the 
establishment of a frequency estimate at retrieval, rather 
than at encoding. Following from these retrieval 
explanations, several predictions can be tested that 
involve other phenomena that influence the retrieval of 
information, such as cued recall and context effects. 
Another issue surrounding these retrieval explanations is 
the nature of what is being retrieved. Some researchers 
argue that the information retrieved is based on the 
strength of a single event (Underwood, 1969; Underwood, 
Zimmerman, & Freund, 1971). Under this single-trace
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hypothesis, repeated exposure to an event increases the 
strength of that event and hence, increases the 
retrievability of that event and reduces the likelihood of 
forgetting. Other researchers argue that retrieved 
information is based on multiple events that are counted 
(Greene, 1989b; Hintzman, 1988; Tversky & Kahneman, 1973). 
Each exposure to an event causes a separate encoding of 
that particular event, or multiple traces to be formed. An 
alternative to both of these trace explanations is offered 
by Watkins and colleagues (Watkins & Kerkar, 1985; Watkins 
& LeCompte, 1991). This explanation of frequency judgment 
focuses on a collective estimation and not on counting of 
specific traces or multiple traces. Several factors that 
affect retrievability of information in recognition and 
recall tasks, including availability, spacing effects, 
generation effects, context effects, and cued recall will 
be related to frequency judgment tasks.
Availability
Availability refers to "the ease with which a 
representative instance of an event can be brought to mind" 
(p. 207) (Tversky & Kahneman, 1973) . Tversky and Kahneman 
(1973; 1974) are the major proponents of this availability 
view to explain the retrieval of frequency information, as 
well as probability judgments. Frequency estimation 
experiments usually involve estimating items that have been 
previously presented to the participants. Probability 
estimation may involve estimating events not encountered by
24
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the participants. The discussion presented here will focus 
only on the estimation of frequencies of events that have 
been experienced.
The availability heuristic is used in the judgment of 
frequencies by basing decisions on the ease of retrieving 
an event (Tversky & Kahneman, 1973) . Frequent events are 
more available than are less frequent events. The 
estimation of frequencies, like other decisions that use 
availability, will be affected by biases that result from 
the ease of retrieval of the instances. The biases that 
Tversky and Kahneman offer include such issues as the 
familiarity of instances (i.e., a class that is more 
familiar to someone will appear more numerous than a less 
familiar class), the effectiveness of the search set (i.e., 
context of the set is critical), and imaginability (i.e., 
easily imagined instances will be judged more frequent than 
more difficult instances) . Some of these variables have 
been examined empirically.
Tversky and Kahneman (1973) conducted an experiment in 
which participants listened to lists of famous names of 
both sexes. Some of the names were more recognizable than 
others (e.g., Richard Nixon vs. William Fulbright) . Lists 
varied to contain either 19 famous women and 20 less famous 
men, or 19 names of famous men and 2 0 less famous women. 
After this, participants were asked either to recall the 
names or estimate the frequency of men or women on the 
list. The results indicated a significant effect of famous
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names, that is, 80 of the 99 participants judged the class 
consisting of the more famous names to be more frequent. 
This result supports the availability heuristic as a factor 
in the estimation of frequencies.
Lewandowsky and Smith (1983) used this famous-name 
paradigm to expand on the results of Tversky and Kahneman. 
In Experiments 1 and 2, they showed that the repeating of 
nonfamous names resulted in an increase of recallability 
and an increase of estimations of frequency. Also, in 
Experiment 2 they found no effect of prior knowledge of the 
frequency estimation task. In a third experiment, 
Lewandowsky and Smith found that increasing the 
memorability of nonfamous names by repetition and visual 
salience (i.e., alternating the background color) increased 
both recallability and frequency judgments. These results 
indicate the robustness of the availability heuristic in 
increasing frequency judgments, as well as recall.
One of the biases that affect availability is the ease 
with which instances are retrieved. Rao (1983) examined 
this bias by manipulating linguistic frequency in a 
frequency estimation task. Words that have low linguistic 
frequency should not be as available as words that have 
high linguistic frequency. Linguistic frequency was 
manipulated along with situational frequency in three 
experiments. Experiment 1 used 16 high-linguistic- 
frequency (HLF) words and 16 low-linguistic-frequency words 
(LLF). Situational frequencies included 0, 1, 3, and 5
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presentations of each word. Results of a frequency 
judgment task revealed correlations of .83 for the LLF and 
.71 for the HLF. This difference was significant. HLF 
words were not as accurately estimated as the LLF. These 
results were replicated with nonwords (linguistic frequency 
of 0) and also pronounceability as a factor.
Erlick (1961), in one of the first studies on 
situational frequency estimation, examined the variable of 
grouping on the estimation of frequencies of letters. The 
letters N  and S were presented in two lists with equal 
frequency, either 25 of each letter or 50 of each letter. 
The manipulation was that 50% of the presentations of the 
letter ¥  in a list occurred either in the first 25%, 3 8%, 
50%, 62%, or 75% of the total list. For example, in the 
25% condition of the 100 letter list (i.e., 50 Ns and 50 
Ss), 25 of the Ns (50% of the total Ns in the list) 
occurred in the first 25 positions. Following the lists, 
participants were asked to estimate the percentage of each 
letter. The results indicated that grouping, either at the 
beginning or the end of the list, produced significantly 
larger estimations for the grouped letter, N, despite the 
equal occurrence of both letters. The grouping seems to 
increase the ease of retrievability and hence an 
overestimation of the actual frequency.
Spacing Effects
Information that is spaced during encoding is 
remembered better than information that is clustered during
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encoding (Greene, 1992) . Underwood (1969) found that 
recall and recognition were improved for items that were 
distributed over time compared to items that were presented 
in a massed condition. If frequency estimation is a 
phenomenon that is similar to recall and recognition, in 
that the variables that affect these types of retrieval 
also affect the judgment of frequencies, then spacing 
effects should improve frequency estimations. Greene 
(1989b) manipulated the spacing between repeated items from 
0 to 16 other items. There was a significant relation 
between frequency and spacing in both an absolute and 
relative frequency judgment task, that is, frequency 
judgments improved as a result of increased spacing between 
items.
Context Effects and Cued Recall
Another variable that affects recall and recognition 
is context (Baddeley, 1990) . When an item is encoded 
within a specific context (e.g., the word APPLE grouped 
with other fruits) and that context is reinstated at 
retrieval (e.g., "Write down all of the fruits that 
appeared in the list"), memory for that item will be 
improved compared to a situation in which the retrieval 
context was different from the context at encoding because 
of retrieval cues.
Williams and Durso (1986) conducted one study that 
examined category frequency—that is, the frequency with 
which members of a category such as animals appear in a
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given context. In their first experiment, participants 
received either explicit frequency instructions or 
instructions only to read the words . Unlike other 
frequency tasks, words in this experiment were presented 
only once. However, the frequency of category exemplars 
was varied as 2, 4, or 6. Also, typicality of the category 
exemplars was manipulated. After the list presentation, 
participants were given a category frequency test followed 
by a cued recall test. The results indicated main effects 
of exemplar typicality (e.g., a robin is a more "typical" 
bird than is a penguin) and instructions in the frequency 
task. Participants were more sensitive to category 
frequency when they had been given explicit instructions 
than when they had been given no instructions.
Participants were more accurate when given typical 
exemplars than when given atypical exemplars. Results of 
the recall task indicated the same pattern of results. 
Participants were sensitive to categories only in the 
explicit instruction condition. Also, typicality produced 
a significant main effect. Again, participants were more 
accurate when given typical exemplars than when given 
atypical exemplars. These findings offer support for the 
relation between cued recall and frequency estimation.
Other studies have also shown a positive effect of category 
(Begg, Maxwell, Mitterer, & Harris, 1986; Greene, 1989a; 
Hintzman & Stern, 1978; Jones & Heit, 1993).
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These studies examining the relation between recall 
and frequency estimation have not gone without criticism. 
Several studies have offered evidence that does not support 
the exemplar-retrieval explanation for frequency 
estimation. For example, Bruce, Hockley, and Craik (1991) 
showed participants categorized lists followed by a 
category frequency estimation task and a cued recall task. 
Experiment 1 varied the presentation of the category 
frequency task and the cued recall task. Also, they 
manipulated whether or not participants read the category 
aloud following the presentation of each word (e.g., seeing 
the word LEG for 3 sec followed by the category BODY PARTS 
for 1 sec). Results indicated strong positive correlations 
between frequency estimation and cued recall only when 
category instances were not read aloud following the 
presentation of the word, and when frequency estimation was 
preceded by cued recall. These findings were replicated 
even after a one-week delay (Exp. 2, 1991). For both 
experiments, in the conditions in which category names were 
said aloud after each presentation of a word, correlations 
between frequency estimation and cued recall did not differ 
significantly from zero. These results indicate that under 
some conditions, cued recall and category frequency 
estimation are not related (see also Watkins & LeCompte, 
1991).
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Discussion of Retrieval and Frequency Estimation 
Many of the same variables that affect the retrieval 
processes of recognition and recall also affect the 
estimation of frequencies, such as availability (Erlick, 
1961; Gabrielcik & Fazio, 1984; Lewandowsky & Smith, 1983; 
Rao, 1983; Tversky & Kahneman, 1973), spacing effects 
(Greene, 1989b), and cued recall (Begg, Maxwell, Mitterer,
& Harris, 1986; Jones & Heit, 1993; Williams & Durso,
1986). One question that arises from this research is 
whether the estimation of frequencies more closely 
resembles recall or recognition phenomena. The answer is 
not clear. Frequency estimation is similar to both recall 
and recognition in that it is affected by the same 
variables that affect retrieval. A distinction as to which 
process, recall or recognition, frequency estimation most 
resembles has yet to be determined by the current research.
Conclusions of Literature Review of Frequency Estimation 
Two conclusions can be drawn from this review 
regarding the issue of encoding and retrieval. First, a 
strict encoding account for the judgments of frequency 
cannot account for the extant research. More specifically, 
the automaticity hypothesis of Hasher and Zacks (1979;
1984) fails to explain adequately the processes that occur 
when estimating the frequency of occurrence of events.
The second conclusion to be drawn from this review is 
that retrievability of frequency information is affected by 
factors that also affect recognition and recall. Several
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factors that proved to be critical were availability 
(Erlick, 1961; Gabrielcik & Fazio, 1984; Lewandowsky & 
Smith; Rao, 1983; Tversky & Kahneman, 1973), spacing 
effects (Greene, 1989b), and cued recall (Begg, Maxwell, 
Mitterer, & Harris, 1986; Jones & Heit, 1993; Williams & 
Durso, 1986) . In addition, much of the automaticity 
research can be framed within the context of a retrieval 
explanation. An example involves the instructions and 
orienting tasks used in the experiments to test the 
automaticity hypothesis. Instructions to use different 
encoding strategies were found to affect frequency 
estimation in several studies (Erickson & Gaffney, 1985; 
Penny & Balsam, 1993; Rowe, 1974). The overall finding of 
these studies was that deeper processing of the information 
led to a more accurate estimation of frequency, although 
some studies did fail to find any differences among 
instructional groups (Alba et al., 1980). Craik and 
Lockhart (1972) proposed a levels-of-processing approach to 
memory that offered that the deeper the processing of 
information (i.e., semantic versus phonological encoding), 
the better that information will be recognized or recalled. 
This same principle can be applied to the estimation of 
frequencies under different encoding instructions. The 
deeper the processing (i.e., semantic or frequency), the 
more accurate the frequency estimations.
Although a retrieval explanation cannot explain all of 
the extant data, this explanation has not been directly
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contradicted in multiple studies (Ellis & Palmer, 1988; 
Greene, 1989b; Penny & Balsam, 1993). One phenomenon that 
may offer insight into the retrieval explanation of 
frequency estimation is the revelation effect (Watkins & 
Pernircioglu, 1990). Nearly all of the previous research 
on the revelation effect was done with a recognition task 
(see, e.g., Frigo, Reas, & LeCompte, in press; Hicks Sc 
Marsh, 1998; LeCompte, 1995; Luo, 1993; Peynircioglu & 
Tekcan, 1993; Watkins & Peynircioglu, 1990; Westerman & 
Greene, 1996, 1998) . One study examined frequency 
estimation and the revelation effect. Next, a review of 
the literature on the revelation effect will be discussed 
followed by a proposal for three experiments involving the 
revelation effect and frequency estimation.
Review of the Revelation Effect Literature 
If an item, previously distorted, is somehow revealed 
at test, participants demonstrate a positive bias toward 
that item by declaring that item as being previously seen 
whether or not it actually was seen. This phenomenon is 
known as the revelation effect (Watkins & Peynircioglu, 
1990) . The distortion of the item is only present during 
the test phase in a recognition task. None of the items 
are distorted in any way at study. For example, the word 
elephant is seen on a study list. At test, participants 
are asked whether or not it was on the earlier list. 
Participants are more likely to respond "yes" if the word 
elephant appears first as e _ e _ h _ n t ,  then as e 1 e _h
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_ n fc, then as e l  e p h a n t. Despite the strangeness 
of this phenomenon, relatively little research has been 
done to explore the possible explanations (Frigo, Reas, & 
LeCompte, in press; Hicks & Marsh, 1998; LeCompte, 1995; 
Luo, 1993; Peynircioglu & Tekcan, 1993; Watkins & 
Peynircioglu, 1990; Westerman.& Greene, 1996, 1998).
Some factors that have been examined concerning the 
revelation effect are the type of distortion of the words, 
the varying degrees of distortion, the effect of effort and 
time, modality effects, and revealing different words prior 
to asking participants to judge a word as new or old. 
Watkins and Peynircioglu (1990) showed revelation effects 
for words that unfolded letter by letter, words that were 
transposed entirely or with each letter being shown at a 
different angle. They also found a revelation effect for 
numbers that were presented as Roman numerals (e.g., VTI,
V, etc.), as well as numbers presented as equations (e.g., 
2 + 5 ,  9 - 4 ,  etc.), compared to normally presented numbers 
(e.g., 7, 5, etc.). An important point to remember is that 
these variations of distortion only occur during the 
recognition portion of the test. At study all of the words 
or numbers are presented in a normal fashion. One effect 
that Watkins and Peynircioglu discovered was that the 
degree of distortion affected the degree of recognition. 
Increasing the degree of distortion by presenting fewer 
letters in a word fragment completion task increased the
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proportion of hits and false positives on the recognition 
test.
Frigo, et al. (in press) discovered perhaps one of the 
most interesting effects of revelation. In this task 
participants showed a positive bias toward revealed words 
that were supposedly presented earlier in a pseudo- 
subliminal presentation. In actuality, no words were 
presented at study; participants were merely exposed to 
white noise. Participants were told that the words were 
masked by the noise at study. Although all of the test 
words were new words, the participants took a recognition 
test on which words had and had not been presented during 
the fake study list. For those words that were revealed at 
test, a robust revelation effect was found. Westerman and 
Greene (1996) have demonstrated the revelation effect under 
a wide variety of conditions. For instance, they have 
shown revelation effects in both within- and between 
participants designs and revelation effects in tests where 
the study list and test were in different modalities. They 
have also found revelation effects when the word that was 
revealed (e.g., vineyard) was not the same as the word used 
for the recognition judgment (e.g., raindrop). That is, 
when the participants saw vineyard unfolded but were asked 
whether raindrop was on the study list, they were more 
likely to give a positive response to raindrop than when no 
word was unfolded.
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Westerman and Greene (1996) also explored the 
revelation effect in a frequency judgment task.
Participants viewed a list of words that varied in 
frequency of either 1 or 2. Participants were more likely 
to judge both the once and twice presented words as being 
seen twice when they were revealed at test compared to 
words that were presented normally at test.
Revelation Effect and Frequency Estimation 
No clear explanation has been offered concerning the 
revelation effect (see Westerman & Greene, 1996). Despite 
the mystery of the causes of this effect, it does provide 
an interesting paradigm in which to study retrieval 
processes. While recognition has been the main focus of 
the revelation effect studies, this paradigm can be used to 
investigate other areas. One such area that has been 
examined in only one experiment is frequency estimation.
As mentioned earlier, Westerman and Greene (1996) did find 
a revelation effect in a frequency estimation task.
Although limited to only two situational frequencies (i.e., 
1 or 2), this experiment did provide evidence for a bias in 
frequency judgment. Given that the distortion of the test 
words by revealing them in some way occurs only at test, 
this paradigm could provide valuable insight into the 
process of frequency estimation. The debate as to whether 
or not the estimation of frequency of occurrence is an 
automatic process at encoding or whether it is a judgment 
formulated at the time of retrieval has not been answered
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sufficiently. Applying the revelation paradigm to 
frequency judgment may offer insight into this debate over 
encoding or retrieval. The basic revelation effect is 
completely a retrieval phenomenon. The list of words that 
is presented at encoding is normal in all conditions. 
However, at test the bias in recognition is directly 
related to a test word being revealed in some way despite 
whether or not it was on the earlier study list.
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Experimental Overview 
Manipulation of some of the variables affecting 
revelation in a recognition paradigm can be applied to a 
frequency estimation task. In the three experiments 
presented here, I examine this relation between the 
revelation effect and frequency estimation. The first 
experiment replicates and extends the previous revelation 
frequency experiment done by Westerman and Greene (1996) . 
Experiment 1 is conducted in two phases: 1A uses a random 
design, and IB uses a blocked design. Previous revelation 
experiments utilized a random design, with the exception of 
one between-participants design used by Westerman and 
Greene (1996) that produced similar results to the random 
designs. In Experiment 2, I look at the effect of 
different amounts of revelation, as determined by the 
initial number of letters offered in the revealed word 
fragment. Previously, Watkins and Pernircioglu (1990) 
discovered a linear trend when comparing the amount of 
initial distortion and the amount of an effect of 
revelation, that is, the more distorted the item in the 
revealed phase, the greater the likelihood that 
participants would identify the item as old. In Experiment 
3, I examine the effect of revealing a non-related word 
just prior to participants' estimation of frequency. 
Westerman and Greene (1996) found a robust revelation 
effect in one of their recognition experiments by revealing 
an unrelated word before presenting the word that was to be
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judged for recognition. In Experiment 3, I apply this idea 
to a frequency estimation experiment.
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Experiment 1A
This experiment was a replication and extension of 
Experiment 3 by Westerman and Greene (1996) . Westerman and 
Greene found a revelation effect with words that varied by 
frequency from 1 to 2 occurrences. This experiment 
included frequencies varying from 1 to 8. This inclusion 
of more frequencies than those used by Westerman and Greene 
(199 6) will offer insight into the possible interaction of 
frequency and revelation. If the revelation effect 
generalizes beyond the limited frequencies used by 
Westerman and Greene, it would offer support to the 
explanation of frequency estimation occurring at retrieval. 
However, the results of Westerman and Greene's experiment 
may have been an artifact of the experimental design. 
Limiting frequencies to one and two may not accurately 
represent frequency estimation. This experiment did not 
limit itself to those constraints.
Method
Participants
The participants were 40 students enrolled in 
psychology courses at Louisiana State University.
Materials and Desicrn
The stimuli were words chosen from the Gibson and 
Watkins (1988) pool. All words were eight letters. The 
linguistic frequency of the words was between 1 and 8 per 
million. The words were randomly assigned to the 
conditions to avoid any effect of linguistic frequency.
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The participants saw a list of 100 words (20 words shown 
once, 20 words shown twice, 20 words shown four times, 20 
words shown eight times and 20 untested buffers) for a 
study list comprising 320 presentations. The order of the 
presentations was random with the restriction that any two 
instances of the same word were always separated by at 
least three other words. Also, the words were 
counterbalanced across frequency conditions so that a given 
word appeared at each presentation frequency equally often 
across four randomly assigned groups of participants.
Following this list, participants judged the frequency 
of the 80 critical words by indicating a number next to 
each word. Half of the words were shown normally (i.e., 
intact) , and the other half of the words were revealed 
(i.e., shown as a word fragment that was shown with a 
progressive number of letters revealed as in the word 
elephant shown as e _ e _ _ _ _ _ ,  then e _ e p _ _ n _ ,  
then e I e p h _ n _, then e l e p h a n t ) .  Words were 
randomly assigned to be shown normally or revealed, and the 
order in which random and revealed items appeared was 
randomly determined For counterbalancing purposes, if a 
word was intact for half of the participants, it was 
revealed for the other half of the participants, and vice 
versa.
The counterbalancing of revelation condition was 
crossed with the counterbalancing of frequency so that each 
critical test item appeared at each presentation frequency,
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both intact and revealed, to create 8 distinct 
counterbalanced conditions. These measures ensured that 
any idiosyncrasies of a particular word were independent of 
both revelation and presentation frequency. The design, 
therefore, was a 4 (frequency) X 2 (revelation condition) 
within-participant design.
Procedure
Participants viewed each word in the study list in a 
black typeface presented on a white background. The 
presentation was projected onto a screen so that the actual 
size of the letters on each slide was approximately 1 foot 
in height. Each word was shown for 2 s. Participants were 
asked to mouth each word as it was shown to ensure that 
they were paying attention to the task. At test, 
participants were given an answer sheet with 80 blank 
lines. They viewed each item one at a time on a slide.
All items, revealed and intact, at test were viewed for 10 
s. Participants were asked to write down the word that was 
presented or to solve the word fragment and then write the 
solution in a designated place on the answer sheet, 
followed by an estimation of its frequency. No limit was 
given regarding the estimation. Participants were simply 
told to write down a number that reflects the number of 
times that they remembered seeing the word, and if they did 
not remember seeing the word, then a reply of "zero" was 
acceptable.
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Results and Discussion
A graph of the results of Experiment 1 can be seen in 
Figure 1. Table 1 is a summary of the results of all of 
the experiments. As seen in this table, the variance 
increases across frequencies in all experiments. Tests of 
sphericity for all experiments revealed significant 
effects; therefore, the F-values reported in all 
experiments reflect the modified F-values from a 
Greenhouse-Geisser adjustment to account for the variance 
issue. The dependent variable in this analysis was the 
mean numerical estimate that was given by each participant 
for each condition. A 4 X 2 ANOVA was implemented to 
analyze the effects of frequency (1, 2, 4, or 8) and 
condition (intact or revealed).
Results indicated that higher actual frequencies were 
given higher estimates, resulting in a significant main 
effect of frequency, F(3, 39) = 56.4, p < .01. As 
predicted, participants gave higher estimates to words that 
were revealed (overall mean of 4.08) than to those that 
were intact (overall mean of 3.16), resulting in a 
significant effect of revelation condition (revealed vs. 
intact), F(l, 39) = 44.37, p < .01. A significant 
revelation condition X frequency interaction was also 
found, F(3,39) = 10.88, p < .01. Simple comparisons were 
done between revealed and intact items at each frequency 
level to reveal more information involving this 
interaction. Results indicated statistically significant
43
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
differences across every frequency: frequency of 1, F( 1,39) 
= 6.10, p < .02; frequency of 2, F(l,39) = 11.52, p < .01; 
frequency of 4, F(l,39) = 36.21, p < .01; and frequency of 
8, F(l,39) = 120.03, p < .01. This interaction appears to 
be due to the greater discrepancy between the revealed and 
intact estimates at the higher frequencies (4 and 8) . At 
the higher frequencies, participants have more latitude in 
estimation because of the larger numbers. In other words, 
at lower presentation frequency there is less room for the 
revelation effect to work.
One theoretical account that offers an explanation for 
this interaction is the explanation of the revelation 
effect offered by Hicks and Marsh (1998). Their theory of 
the revelation effect involves the lack of familiarity as 
affected by revelation. An item is revealed prior to the 
recognition judgment of a word. This revelation of a word 
causes a decrease in the feeling of familiarity for the 
word to be judged. Hicks and Marsh propose a shift in the 
recognition criteria for that word to a more liberal 
position. This shift, in turn, creates a greater 
probability that the word will be identified as an old 
item. One assumption of this theory is that recognition 
probability is a normal function. The criterion shift is 
some boundary along the area of a normal curve. This 
liberal shift moves the value of this boundary to the left 
within the normal curve of probability for recognizing the 
item. This move to the left increases the area under which
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a positive recognition judgment would occur. This new 
boundary provides more area in the recognition curve than 
the old boundary.
In frequency estimation, judgments are being made on 
multiple events, or multiple recognition tasks. The 
retrieval is not just for one episode, but of multiple 
episodes. The results here indicated a larger revelation 
effect for the higher frequencies. Applying the Hicks and 
Marsh (1998) explanation to this data, the recognition 
increase due to the revelation effect can be related to the 
increase the frequency judgments caused by the revelation 
effect. Multiple episodes of a single word each produce 
their own probability curve. Within each of these curves 
for each item, the revelation effect produces a criterion 
shift. When participants are estimating a frequency after 
an item was revealed, larger frequency items are producing 
a larger amount of discrepancy necessarily since there are 
more probability curves (one of each episode) . Figure 2 
illustrates this probability as a function of the criterion 
shift in the familiarity for varying frequencies. The gray 
area in Figure 2 illustrates the area of the criterion 
shift within each of the probability curves for the 
familiarity for each occurrence of each word. The increase 
due to more items produces a higher estimate for the 
revealed items at larger frequencies, which produces the 
frequency X condition interaction.
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Figure 1 . Average estimated frequency as a function of actual frequency for revealed 
and intact words in Experiment 1A (random design).
Table 1 . Summary of frequency estimation means and 
standard errors for Experiments 1A, IB, 2, and 3.
Actual Frequency
Condition 1 2 4 8
Revealed 1.65 (.15) 2.65 (.22) 4.55 (.37) 7.50 (.60)
Intact 1.25 (.11) 2.10 (.19) 3.58 (.29) 5.73 (.51)
iEScpe^iSHeni^
Actual Frequency
Condition 1 2 4 8
Revealed 2.68 (.30) 3.20 (.33) 3.83 (.38) 4.58 (.41)
Intact 2.15 (.22) 2.65 (.22) 3.18 (.32) 3.90 (.33)
Actual Frequency
Condition 1 2 4 8
2 Revealed 2.35 (.12) 4.05 (.24) 6.80 (.48) 10.1 (.38)
4 Revealed 2.35 (.13) 3.80 (.23) 5.66 (.20) 9.54 (.42)
6 Revealed 2.21 (.12) 3.99 (.18) 5.69 (.32) 9.88 (.49)
Intact 2.18 (.17) 3.16 (.15) 6.17 (.34) 9.30 (.33)i.1 w m m m m m
Actual Frequency
Condition 1 2 4 8
Revealed 2.55 (.15) 3.23 (.18) 4.21 (.22) 5.82 (.32)
Intact) 2.21 (.12) 2.80 (.17) 3.45 (.23) 4.55 (.27)
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Figure 2 . Probability as a function of the criterion shift 
in the familiarity for items with frequencies varying from 
1 to 8.
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Experiment IB
Some psychological phenomena are design-sensitive—  
that is, the effect is in some way affected by the 
experimental design. For example, DeLosh & McDaniel (1996) 
found improved free-recall for high frequency words in 
lists that were blocked for frequency and improved recall 
for low-frequency words in lists that presented varying 
frequency words randomly. To generalize the results of 
Experiment 1A, a replication of this experiment was 
conducted using a blocked design. All of the previous 
revelation experiments have been conducted using a random 
within-participant design (Frigo, Reas, & LeCompte, in 
press; Hicks & Marsh, 1998; LeCompte, 1995; Luo, 1993; 
Peynircioglu & Tekcan, 1993; Watkins & Peynircioglu, 1990; 
Westerman & Greene, 1998) with the exception of one 
(Westerman and Greene, 1996) . Westerman and Greene (1996) 
found a revelation effect in a recognition task using a 
between-participant design. If the revelation effect in 
frequency estimation is a robust phenomenon, then the 




The participants were 40 students enrolled in 
psychology courses at Louisiana State University.
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Materials and Design 
The materials and design were exactly the same as in 
Experiment 1A with the exception that revelation at test 
was manipulated in blocks, rather than randomly. This 
experiment blocked the stimuli at test into 40 revealed 
items and 40 intact items. These two conditions were 
counterbalanced so that half the participants received the 
40 revealed items first followed by the 40 intact items, 
while the other half of the participants received the test 
items in the opposite order.
Procedure
The procedure was identical to Experiment 1A.
Results and Discussion
A graph of the results of Experiment IB can be seen in 
Figure 3 . The dependent variable in this analysis was the 
mean numerical estimate that was given by each participant 
for each condition. A 4 X 2 AISTOVA was implemented to 
analyze the results of frequency (1, 2, 4, or 8) and 
condition (intact or revealed).
As in Experiment 1A, frequency estimates increased 
with actual frequency, resulting in a significant main 
effect of frequency, F(3, 39) = 43.23, p < .01. Also, as 
in Experiment 1A, revealed items were, on average, given 
higher estimates (overall mean of 3.57) than were intact 
items (overall mean of 2.97), resulting in a significant 
effect of revelation condition (revealed vs. intact), F(l, 
39) = 20.17, p < .01. No significant revelation condition
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X frequency interaction was found, F(3, 39) = 0.26, p >
.10.
The pattern of results was comparable between 
Experiments 1A and IB, with the exception of the 
significant interaction found in 1A. To examine this 
comparison more systematically, an additional analysis was 
conducted. Data from Experiment 1A and IB were combined in 
a mixed design ANOVA with the be tween-participant variable 
of the design (random vs. blocked). The results indicated 
no significant main effect of design, F(l, 79) = 0.63, p > 
.10. Again, there was a significant main effect of 
frequency, F(3, 79) = 164.2, p < .01, as well as a 
significant main effect of revelation condition (revealed 
vs. intact), F(l, 79) = 75.18, pc.Ol. The two-way 
interaction between frequency and revelation condition was 
also significant, F(3, 79) =1 0.65, p < .01. . This 
interaction appears to be due to the more consistent 
differences between the revealed and intact conditions 
across estimates in the blocked design. Differences 
between revealed and intact words for frequencies of 1, 2,
4, and 8 were .4, .55, .97, 1.77 for Experiment 1A and .53,
.55, .65, .68 for Experiment IB, respectively. While both
experiments produced higher estimations for higher actual 
frequencies, the random condition had a larger increase of 
estimate differences between the revealed and intact 
conditions across higher actual frequencies.
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There was also a significant interaction between 
frequency and design (random, vs. blocked), F(3, 79) =41.0, 
p < .01. This interaction appears to be due to the broader 
range of scores in the random design of Experiment 1A than 
in the blocked design of Experiment IB. The range of 
estimates for the random design is from 1.45 to 6.61, 
averaged across revelation condition, or a difference of 
5.16 items. The range of estimates for the blocked design 
is from 2.41 to 4.24, averaged across revelation condition, 
or a difference of 1.83.
The interaction between revelation condition (revealed 
vs. intact) and design (random vs. blocked) was not 
significant, F(l, 79) = 3.43, p = .07. Finally, there was 
a significant frequency X design X revelation condition 
interaction, F(3, 79) = 5.51, p < .01. This three-way 
interaction was due to the significance of the interaction 
between frequency and revelation in Experiment 1A, but not 
in Experiment IB.
One possible explanation for the significant 
interaction between frequency and revelation condition in 
Experiment 1A, but not in Experiment IB, as well as the 
significant design by frequency interaction when these two 
experiments were examined together, involves the theory 
proposed by Hicks and Marsh (1998) . Their explanation of 
the revelation effect involves the decrease in familiarity 
that an item has after participant's are exposed to a 
revealed item. A participant's exposure to a revealed item
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increases the difficulty of the recognition task by 
decreasing familiarity and therefore shifts the 
participant's criterion to become more liberal in making a 
decision. However, when items are blocked as in Experiment 
IB, the decrease in familiarity may be lessened due to the 
consistent presentation of the revealed items. Once the 
liberal criterion shift is established, then it is more 
consistent across conditions, as opposed to the changing of 
the criterion in randomly presented tasks. The criterion 
shift may be sensitive to the experimental design (DeLosh & 
McDaniel, 1996). The habitual presentation of revealed 
items may overshadow the increase in the shifts contained 
in the multiple probability curves of the larger frequency 
items.
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Figure 3 . Average estimated frequency as a function of actual frequency for revealed 
and intact words in Experiment IB (blocked design) .
Experiment 2
Experiment 1 provided evidence for the relation 
between the revelation effect and frequency judgment. 
Experiment 2 examined one of the specific properties of the 
revelation effect in a frequency judgment paradigm.
Watkins and Peynircioglu (1990) found that an increase in 
the state of distortion of the revealed word at its onset 
was correlated with an increase of positive responses to 
both the target and lure words presented at test. In other 
words, presenting a starting fragment with only two letters 
revealed compared to presenting a starting fragment with 
six letters revealed produced more hits and false positives 
in a recognition test —  that is, a greater revelation 
effect. This experiment replicated this finding using a 
frequency paradigm. The focus of this experiment was to 
manipulate the number of letters in the starting fragment 
and the frequency of presentation of words in the study 
list. If frequency estimation is related to recognition, 
then a larger decrease in the letters in the starting 
fragment should induce a greater overestimation of the 
frequencies for the words presented.
Method
Participants
The participants were 40 students enrolled in 
psychology courses at Louisiana State University.
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Materials and Design
The materials and design were identical to those used 
in Experiment 1, with one exception. During the test phase 
of this experiment, the revealed words varied in the number 
of letters in the starting fragments from 2 (e.g., e _ e _
_______ ) to 4 (e.g., e _ e _ h _ n _ )  to 6 (e.g., e I e _ h
_  n t) . The normal words were presented with all eight 
letters intact (e.g., e l e p h a n t ) .  The position of 
the letters that were present was based on the following 
algorithm: letter positions three and five; then one, 
three, five, and seven; then one, two, three, five, seven, 
and eight; and finally all eight letters were presented.
At test each word was assigned the 2-letter fragment, 
4-letter fragment, 6-letter fragment, or intact conditions. 
The words were counterbalanced across test lists so that 
each word served in each revelation condition equally often 
across four equal groups of participants.
Procedure
The procedure was identical to that in Experiment 1. 
Participants were asked to write the word that was 
presented or to solve the word fragment and write the 
solution in a designated place on the answer sheet, 
followed by an estimation of its frequency.
Results and Discussion
A graph of the results of Experiment 2 can be seen in 
Figure 3. The dependent variable in this analysis was the 
mean numerical estimate that was given by each participant
56
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
for each condition. A 4 X 4 ANOVA was implemented to 
analyze the effects of frequency (1, 2, 4, or 8) and 
letters in the starting fragment (2-letter fragment, 4- 
letter fragment, 6-letter fragment, or 8-letters for the 
intact condition).
Results indicated a significant main effect of the 
number of letters in the starting fragment, F(3, 39) =
2.82, p < .05. However, upon closer inspection, an 
analysis comparing the mean of the three revealed 
conditions (2-letter fragment, 4-letter fragment, and 6- 
letter fragment) to the intact condition was only 
marginally significant, F(l, 39) = 3.37, p = .07. Also, a 
linear trend analysis of the three revealed conditions was 
not significant, F(2, 39) =2.8, p <  .10. As with the 
previous experiments, higher actual frequencies resulted in 
higher frequency estimates yielding a significant main 
effect of frequency, F(3, 39) = 63 8.58, p < .01. The 
revelation condition X frequency interaction was not 
significant, F(9, 39) = .97, p < .10.
The results found here did not show the same effect of 
degree of distortion that Watkins and Peynircioglu (1990) 
found in a recognition task. Watkins and Peynircioglu 
(1990) found a positive relation, as seen in a significant 
linear trend, between the amount of recognition of a word 
and the degree of distortion of the revealed item, that is, 
the more distortion, the more likely a participant was to 
say that they had seen the word previously. One possible
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explanation for this inconsistency between the recognition 
task of Watkins and Peynircioglu and the frequency judgment 
task here could simply be a matter of statistical variance. 
Upon closer inspection of their data, each data point used 
in their analysis used 2744 observations. This experiment 
only had 800 observations per data point. The fact that 
Watkins and Peynircioglu had over three times the number of 
observations may explain the marginal significance and wide 
variability in the present experiment. Another unusual 
finding in this experiment was the atypically large 
estimates for frequency across all levels. Typical 
frequency estimation tasks produce a result of 
overestimation of frequency at lower frequencies and 
underestimation of frequency at higher frequencies. Also, 
the significant interaction that was found in Experiment 1A 
between frequency and revelation condition was not 
replicated in this experiment. However, there was a 
consistent overestimation across all frequencies. Watkins 
and Peynircioglu found no unusually high recognition 
probabilities in their experiment (1990). Again, given the 
variability mentioned earlier in the data, one possible 
explanation for these high estimates is low power and 
sampling variance.
One alternative explanation for this lack of an 
interaction is related to Experiment IB. In Experiment IB 
the blocking seemed to overshadow the effect of the 
increasing criterion shift due to increased frequency and
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hence, the lack of a significant frequency X revelation 
condition interaction. In Experiment 2 there were sixty 
revealed conditions, 20 2-letter fragments, 20-4 letter 
fragments, and 20 6-letter fragments. There were only 2 0 
intact words total at test. The overshadowing due to some 
type of habituation could have also occurred here. 
Participants seeing 60 revelation conditions and only 20 
intact conditions may have had the same effect as in 
Experiment IB despite the random presentation.
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Figure 4 . Average estimated frequency as a function of actual frequency for revealed 
and intact words in Experiment 2.
Experiment 3 
Experiment 3 addressed, another parameter of the 
revelation effect within the context of frequency 
estimation. One of the explanations for the revelation 
effect has been that participants have a feeling of 
familiarity for a revealed word that biases their decision 
toward a positive recognition from an earlier list 
(LeCompte, 1995). This familiarity explanation has also 
been offered for frequency estimation (Hintzman, 1988). 
Hintzman (1988) proposed a multiple-trace account of memory 
that states that every time that an event is encountered, 
it is stored as a single unique trace. The ability to 
retrieve these traces is dependent on the amount of 
information that is present at the time of retrieval that 
is related to this trace. Frequency estimation is 
recalling the multiple traces of a given event. Hintzman 
proposes that the activation of one trace will activate 
other traces related to that trace. One assumption of 
Hintzman's model is that activation is not limited to a 
specific set of words, as in the single trace accounts, but 
assumes a gobal-activation of all words (Hintzman, 1988).
Hicks and Marsh (1998) offer an alternative 
explanation to the familiarity account. Their proposal 
assumes the revelation task introduces noise into the 
cognitive system and decreases familiarity. This lack of 
familiarity, in turn, causes a reduction in the criterion
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used to recognize prior events and therefore increases the 
probability of recognition.
Frigo et al. (in press) found a revelation effect for 
words that were revealed at test but never presented at all 
(i.e., at study participants were told that white noise was 
masking a list of words when, in fact, no list was 
presented). Familiarity cannot sufficiently explain this 
revelation effect. Participants cannot have a sense of 
familiarity for words that were never presented.
Westerman and Greene conducted another study that 
addressed the issue of familiarity (Exp.3, 1996). They 
obtained a revelation effect in a recognition task in which 
the word that was revealed was different from the word that 
participants were asked to judge (e.g., the word vineyard. 
was presented as an anagram, but participants were asked to 
judge whether the word raindrop appeared on an earlier 
list) . This result is a problem for the familiarity 
accounts of the revelation effect. However, the Hicks and 
Marsh (1998) theory- can offer an explanation. Revealing an 
item, whether it is the item that was to be judged for 
recognition or a different item, as in Westerman and 
Greene's experiment, creates a lack of familiarity. This 
lack of familiarity reduces the criterion for recognition 
and results in a greater probability of recognizing the 
test item.
Experiment 3 applied the methodology used in Westerman 
and Greene's Experiment 3 (1996) to a frequency judgment
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task--that is, the word that was revealed or intact at test 
was different from the word that was evaluated for 
frequency (e.g., the word that was revealed might have been 
jeopardy, but the word that had its frequency estimated was 
signpost). If frequency judgments are affected by the 
revelation of a different word that precedes the test item, 
then familiarity will need to be evaluated more closely as 
a factor in frequency judgment. If no bias in frequency 
estimation is found then this result will establish a 
boundary of the revelation effect on frequency judgment.
Method
Participants
The participants were 40 students enrolled in 
psychology courses at Louisiana State University.
Materials and Design
The materials and design were identical to Experiment 
1A with one exception: an additional 80 words were needed 
at test which appeared neither in the study list nor as 
test items. They were simply presented intact or revealed 
immediately before each test item. These additional 80 
words were also chosen from the Gibson and Watkins word 
pool (1998).
Procedure
The procedure was identical to that in Experiment 1A 
with one exception. The word that was revealed at test was 
different from the word that was being judged for frequency 
by the participants (i.e., if the word vineyard were
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presented as a word fragment, participants were asked 
whether the word raindrop had appeared on an earlier list) . 
Participants were asked to write the word that was 
presented or to solve the fragment of that word and then 
write the solution in a designated place on the answer 
sheet (the word vineyard in the example given above) .
Next, participants were shown a word that was in fact 
presented on the study list and asked to estimate the 
frequency of that word (the word raindrop in the example 
given above) . Again, the word that was judged for 
frequency was not the word that was revealed just prior to 
the estimation.
Results and Discussion 
A graph of the results of Experiment 3 can be seen in 
Figure 4. The dependent variable in this analysis was the 
mean numerical estimate that was given by each participant 
for each condition. A 4 X 2 ANOVA was implemented to 
analyze the effects of situational frequency (1, 2, 4, or 
8) , and the revelation manipulation (revealed or intact) . 
Revealed items were given higher estimates on average 
(overall mean of 3.95) than intact items (overall mean of 
3.25), resulting in a significant main effect of revelation 
condition (revealed or intact), F(l, 39) = 53.01, p < .01. 
Items with higher actual frequencies were given higher 
estimates, resulting in a main effect of frequency, F(3,
39) = 68.01, p < .01. There was also a significant 
revelation condition X frequency interaction, F(3, 39) =
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7.33, p < .01. Simple comparisons were done between 
revealed and intact items at each frequency level to reveal 
more information involving this interaction. Results 
indicated statistically significant revelation effects 
across each frequency level: frequency of 1, F(l,39) =
5.64, p < .02; frequency of 2, F(l,39) = 9.05, p < .01; 
frequency of 4, F(l,39) = 28.42, p < .01; and frequency of 
8, F(l,39) = 79.27, p < .01. The general pattern of this 
interaction was the same as the interaction found in 
Experiment 1A. This interaction was due to the larger 
differences between frequency estimates at the higher 
actual frequencies of four and eight. Again, the 
explanation that is offered involves the issue of more 
latitude in estimation at the larger frequencies.
Experiment 3 replicated the finding of Westerman and 
Greene's Experiment 3 (1996). Even though the revealed 
word did not match the word that was judged for frequency, 
a robust revelation effect was found across frequencies. 
Also, the pattern of the interaction between frequency and 
revelation conditions was the same as the pattern of the 
interaction found in Experiment 1A. The revelation effect 
increases as the actual frequencies increase. As in 
Experiment 1A, the Hicks and Marsh (1998) explanation for 
the revelation effect offer a nice explanation for this 
interaction. As frequencies increase, the number of 
probability curves increases for the retrieval of each 
word. Revealing a word, even one that is not related to
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the judged word, decreases familiarity and shifts the 
criterion for recognizing a word. When judging the 
frequency of a revealed word, participants have an 
increased probability of retrieving this word and therefore 
make a larger frequency j udgment.
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Figure 5 . Average estimated frequency as a function of actual frequency for revealed 
and intact words in Experiment 3.
General Discussion 
The purpose of the current studies was to examine 
frequency estimation in light of a phenomenon that produces 
an effect only at retrieval. Three experiments were 
conducted that explored the effects of revelation at test 
on the estimation of situational frequency. Experiment 1 
replicated and extended the research conducted by Westerman 
and Greene (1996) on frequency estimation and the 
revelation effect in both random and blocked test designs. 
Across four different frequencies (1, 2, 4, and 8), 
participants gave higher estimates of words that were 
revealed than words that were intact at test. Experiment 2 
examined if the amount of distortion of a revealed item was 
related to the biasing of the estimation of frequency. The 
variability of distortion has been shown to affect the 
magnitude of the revelation effect in recognition tasks 
(Watkins & Peynircioglu, 1990). Although the results of 
Experiment 2 did find a marginally significant effect of 
revelation across conditions, these results failed to show 
a similar effect of degree of distortion on frequency 
estimation as found in the recognition task in Watkins and 
Peynircioglu (1990). Also, the frequency X revelation 
condition interaction was not found in Experiment 2. One 
possible explanation for this inconsistency may have 
involved the amount of observations per data point and 
experimental variance.
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Experiment 3 explored the parameter of familiarity on 
revelation in a frequency estimation task. In Experiment 3 
the revealed word did not match the word that was judged 
for frequency. Westerman and Greene (1996) found a robust 
revelation effect in a recognition task when the revealed 
word and test word did not match. The results of 
Experiment 3 replicated this result in a frequency 
estimation task. Across all frequencies, participants 
offered higher estimations for words that were preceded by 
a revelation task than words that were preceded by an 
intact word, despite the fact that the word that was 
revealed did not match the word that was being judged for 
frequency.
Collectively, these results provide strong evidence 
for an effect of a retrieval phenomenon--that is, the 
revelation effect— on the estimation of frequencies. What 
are the implications of these experiments for the current 
theories of frequency estimation?
Hasher and Zacks proposed that frequency estimation is 
a fundamental operation in the acquisition of information 
(1979; 1984). Frequency estimation is so fundamental in 
the acquisition of information that the process is included 
in a class of processes that are automatic; that is, they 
drain minimal energy from our limited-capacity attentional 
mechanism. Under this assumption of automaticity, 
frequency estimations are established at the time of 
encoding the information and are not affected by factors
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that occur at retrieval. The results of the three 
experiments here offer a challenge to this basic 
assumption. A revelation effect was consistently found 
across three experiments; that is, revealing an item only 
at test increased the estimation of frequency. Westerman 
and Greene (1996) found an effect of revelation in a 
limited frequency judgment task. These three experiments 
generalized this finding to a broader range of frequencies. 
These results make a strict interpretation of the 
automaticity assumption in frequency estimation difficult 
to reconcile. Clearly, revelation affects frequency 
judgments.
Alternatives to the automaticity account of frequency 
estimation offer retrieval-based explanations for this 
phenomenon. The current data can be discussed from the 
perspective of each of the theories. One distinction 
between retrieval accounts involves the issue of single or 
multiple events. Some researchers argue that retrieval is 
based on the strength of a single event (Underwood, 1969; 
Underwood, Zimmerman, & Freund, 1971) . The likelihood of 
retrievability of an event is related to the amount of 
exposure to that specific event. The more exposure, the 
stronger the trace of that event, and hence the easier that 
the event is retrieved. Applying this single-event 
explanation to the current data could account nicely for 
Experiments 1 and 2. The increased activation of a 
revealed word increases the strength of that word and hence
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increases retrievability. Revealing a word at test would 
activate the prior traces of that word and hence increase 
retrievability. This would increase the estimate of 
frequency. Also, this theory can provide an explanation 
for the interaction in Experiment 1A. The interaction was 
due to the increasing estimations of the higher frequency 
words. Typically, frequency judgments for larger frequency 
words are underestimated. These estimates were increased 
due to the activation of their prior traces. As for lower 
frequency words, there was no room to increase estimation 
due to the frequency effect of overestimation of lower 
numbers. As for this explanation distinguishing between 
single and multiple trace models, though, this explanation 
of the interactions is valid for both sets of theories. 
However, the results of Experiment 3 cannot be explained by 
the single-trace theories. Revealing an unrelated word 
increased frequency estimation across four frequencies. 
Activation of an unrelated word should not enhance the 
strength of another semantically-unrelated word according 
to the single-event accounts.
The other retrieval account involves multiple events. 
This explanation focuses on the encoding of an event as a 
single entity, and each exposure to that event is stored as 
a single episode (Greene, 1989b; Hintzman, 1988; Tversky & 
Kahneman, 1973) . The ability to retrieve an item is based 
on the amount of exposure to that item. The more exposure 
to an event, the more encoded episodes of that event and
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hence the easier the retrieval. One important feature of 
these multiple-trace models is that retrievability is based 
on the similarity of a test stimulus to the events in 
memory. Encountering a test stimulus activates traces 
stored in memory. This activation is stronger for items 
that were encountered more often. Regarding frequency 
judgment, activation of prior episodes or occurrences of 
events is critical to making an estimation. The more cues 
that can be established at test the better the recall. One 
assumption of this multiple-trace account is that a word 
will activate all traces found in memory, not just the 
traces associated with that word. Recognition will be 
better, the more cues there are at retrieval, but all 
traces of all words are activated. This multiple-event 
account can offer a reasonable explanation for the data 
presented here. Experiments 1 and 2 reveal the words that 
are to be judged for frequency. As in the single trace 
account, this revelation activates the events related to 
that word. When the frequency estimation is made, the 
activation is increased due to the revelation of that 
particular word. The items that were presented intact were 
not as active due to the lack of revelation. As for the 
results of Experiment 3, the revealed word did not match 
the word that was estimated for frequency. However, one 
assumption of this multiple-event model is that activation 
is not limited to a specific set of words, as in the 
single-trace accounts, but assumes a global-activation of
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all words (Hintzman, 1988). This global activation can 
account for the increased frequency judgment for words 
estimated after an unrelated revealed word, as compared to 
a word that was estimated after mere exposure to an 
unrelated word. This was also the case with the revelation 
task in Westerman and Greene's Experiment 3 (1996) . Global 
activation of all words can explain their results of 
getting a robust revelation effect, as seen in an increased 
recognition for the word vineyard when the word raindrop 
was revealed just prior to making the decision. While 
their task was recognition, the same revelation effect is 
shown here in frequency estimation.
Theories of revelation can also benefit from the data 
presented here. First, the three experiments here provide 
evidence for a more general effect of revelation beyond 
traditional recognition tasks. Prior to these experiments, 
only one experiment explored the revelation effect in 
frequency estimation (Westerman and Greene, Exp.3, 1996). 
These results provide more convincing evidence that 
frequency estimation is affected by the revelation of a 
word prior to judgment. The experiments presented here 
also distinguish between the two current explanations of 
the revelation effect. One theory for the revelation 
effect focuses on familiarity (LeCompte, 1995; Luo, 1993). 
This explanation focuses on the increased sense of 
familiarity for a revealed item. This increased sense of 
familiarity increases the likelihood of recognizing an item
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that may or may not have been presented on an earlier list. 
However, Experiment 3 revealed an item that was not related 
to the word that was being judged for frequency. The 
familiarity explanation cannot resolve this issue. Also, 
past revelation research involving recognition tasks has 
shown that familiarity cannot sufficiently account for the 
revelation effect. Westerman and Greene (1996) conducted 
the recognition experiment on which Experiment 3 here was 
designed. Their results indicated an increased probability 
of recognition for words that were judged after being 
presented with a revealed word that did not match. A 
feeling of familiarity cannot account for this finding.
Another explanation for the revelation effect involves 
the lack of familiarity that is affected by the revelation 
of an item. Hicks and Marsh (1998) propose that revealing 
an item decreases the feeling of familiarity for the test 
item presented after the revealed item. This lack of 
familiarity causes a shift in the criterion used to judge 
this test item, which in turn, produces higher recognition 
probabilities. This theory can be applied to frequency 
estimation tasks. In a recognition task, an item is 
encoded during a study session. At retrieval, this item 
has a probability associated with it. This probability is 
represented as a boundary line that is set on a normal 
curve. This line is the criterion line for the judgment of 
whether or not that item was seen before. When an item is 
revealed prior to the judgment of recognition, this
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boundary is shifted to a more liberal position due to the 
lack of familiarity that is caused by the revelation of an 
item. In frequency estimation, judgments are being made on 
multiple items. Associated with each item is a probability 
of retrieval, again with a recognition boundary established 
at some level within the normal curve. When an item is 
revealed prior to a frequency judgment, the criterion shift 
occurs within each of the probability curves for each item. 
When a judgment is made for lower frequency items, there is 
not much variance between items with varying frequencies 
(e.g., frequencies of 1 or 2). However, as the frequencies 
increase, there is more area available for judgments to 
increase, due to the shift within each probability curve 
for each occurrence of an item. This increase can account 
for the interactions found in Experiments 1A and 3 here.
In Experiments 1A and 3, the revelation effect was greater 
at higher frequencies. As demonstrated in Figure 2, higher 
frequencies allow for more of a feeling of familiarity, and 
hence a higher estimation of frequency. The significant 
interactions in Experiments 1A and 3 support this 
explanation. However, there does appear to be a boundary 
to this criterion shift. This significant frequency X 
revelation condition interaction was not found in 
Experiment IB. The blocked design in Experiment IB 
produced a consistent revelation effect across frequencies 
and therefore no significant interaction. The consistent 
presentation of either the intact or revealed items at test
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seemed to overshadow the criterion shift effect found in 
Experiments 1A and 3 in the significant interactions. 
However, these conclusions are limited by the parameters of 
this set of experiments and further research needs to be 
conducted to examine this interaction closer. Also, the 
frequency X revelation condition interaction was not found 
in Experiment 2. Conclusions drawn from the lack of an 
interaction in this experiment must be restricted given the 
unusual results that may have been due to a lack of 
statistical power.
The results of the three experiments reported here 
offer a convincing challenge to the automaticity 
explanation for frequency estimation. The revelation 
effect was replicated in a random and blocked frequency 
estimation task, a frequency estimation task that varied 
the degree of revelation, and in a frequency task in which 
the revealed word did not match the word that was to be 
estimated. While the experiments here do not distinguish a 
definitive retrieval account for frequency estimation, they 
do offer little hope for an exclusive encoding explanation 
of frequency judgments (Hasher and Zacks, 1974, 1984) .
This is not to say that encoding does not play a role in 
the judgment of frequency. The issue confronted here is 
the strict encoding explanation that assumes automaticity.
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